], were applied as media of the Cp 2 TiCl 2 catalyst for biphasic ethylene polymerization. The studied aralkyl ionic liquids ensure greater stability of the catalyst at higher temperatures and more regular morphology of the produced polyethylene than analogous 1-n-alkyl-3-methylimidazolium chloroaluminates. The alkylaluminium compound participates in the termination reaction of the polymer chain. The catalyst is stable and enables recycling of the ionic liquid phase in the consecutive polymerization reactions. The [Ph-C 2 mim][AlCl 4 ] ionic liquid and AlEt 2 Cl alkylaluminium compound turned out to be the most suitable for the biphasic process. The influence of the kind of ionic liquid, alkylaluminium compound (AlEt 2 Cl and AlEtCl 2 ), activator/catalyst molar ratio, reaction temperature, reaction time and catalyst recycling on the polymerization performance as well as polyethylene properties such as molecular weight (M w ), polydispersity, melting temperature, crystallinity degree, bulk density and particle size is presented.
Introduction
Metallocenes are a consecutive generation of organometallic catalysts for olefin polymerization, which make possible to tailor the structure of polymers in a way which has not been achieved before [1] [2] [3] [4] [5] . Unfortunately, the metallocene systems, both homogeneous and heterogeneous, have disadvantageous features hindering their application in industrial scale processes [6] [7] [8] . Therefore, there is a need to search for new methods of the olefin polymerization using the metallocene catalysts, but deprived of toxic solvents (toluene, xylene), great excess of activator methylaluminoxane (MAO) [9] and multi-step anchorage of the metallocene on a solid support [6] [7] [8] [9] . An innovative method for the olefin polymerization can be liquid-liquid biphasic system. Advantageous features of this method are mild reaction conditions, facile product separation and recycling of the catalyst system [10] [11] [12] .
Promising possibility to immobilize organometallic catalysts in a separate phase create ionic liquids, which have recently attracted attention as an environment friendly, reusable media for organic synthesis, and thus becoming an alternative to common solvents [11, 13, 14] . A unique feature of the ionic liquids is the possibility to design their chemical and physical properties for specific applications through the choice of the cation and anion. This makes it possible to control, for example, melting temperature, density, viscosity and miscibility with other solvents [13] [14] [15] [16] [17] [18] [19] . Fine tuning of the properties can also be performed by changing the substituents at the ionic liquid cation [13, 14, 18] . Recently, task-specific ionic liquids, which contain various functional groups in the cation side chain, have attracted considerable interest [14, [20] [21] [22] . Modifying the ionic liquids structure results in a change of their properties, which enables them to be applied to many types of reactions [13, 14, [23] [24] [25] [26] [27] . Therefore, application of the ionic liquid as a medium of metallocene catalyst gives possibility to control the morphology of the polymer not only by the catalyst structure but also by the proper choice of the catalyst phase.
Our previous investigations proved a utility of the chloroaluminate ionic liquids in the biphasic ionic liquid/hexane ethylene polymerization using the titanocene catalyst (Cp 2 TiCl 2 ) avoiding the application MAO as the activator [28] [29] [30] [31] [32] . It was found that even a small change in the structure of the studied ionic liquids, 1-n-alkyl-3-methylimidazolium and 1-n-alkyl 4-methylpyridinium chloroalumiantes, i.e. in the length of the alkyl chain at the aromatic cation, influences the performance of the polymerization process and the properties of the polyethylene product such as melting temperature, crystallity degree, molecular weight (M w ), molecular weight distribution (M w /M n ) and bulk density [30] [31] [32] . Despite of the promising results obtained, further studies need to be continued to improve the biphasic process, i.e. the mass transfer between the phases, phases separation, catalyst activity and properties of the polymer product. A rational method is modification of the ionic liquid phase by searching for suitable ionic liquid structure.
Recently, the most applied method of modification of the cation structure is introduction of various functional groups, e.g. -CN, -OH, -OR, -SH, -SO 3 H, -COOH [20, 21, 33, 34] . Unfortunately, these groups cannot be applied in the case of metallocene catalysts because they deactivate the catalyst active sites. Furthermore, such functionalities react with chloroaluminate compounds which are necessary to create the metallocene active centres, and thus cannot be applied for design of the chloroaluminate ionic liquids. However, aromatic function at the side chain seems to be interesting options. Many polymerization reactions using the metallocene catalysts are performed in the aromatic toluene [35, 36] . The metallocene catalyst, alkylaluminium activators and a-olefins substrates show good solubility in aromatic environment, which improves performance of the polymerization reaction. Unfortunately, aromatic solvents are partially miscible with the ionic liquids and their application in the biphasic process makes the phase separation, and thus, product separation very difficult.
The application of the aralkyl ionic liquid having aromatic functionality at the cation side chain can be interesting solution, worth to study. Based on the recent report [37] , it can be assumed that aromatic functionality, through a donor-acceptor interaction with alkylaluminium activators, can influence acidity of the chloroaluminate ionic liquids as well as the creation of the active centres. On the other hand, the aralkyl ionic liquid is immiscible with hexane and thus the catalyst recycling would be possible, which is very important feature of the biphasic processes [38] .
In this study, we focused on the ethylene polymerization reaction carried out in the biphasic ionic liquid/hexane process, where the metallocene catalyst (Cp 2 TiCl 2 ) as well as the activator (AlEt 2 Cl and AlEtCl 2 ) were dissolved in the aralkyl chloroaluminate ionic liquids where aralkyl substituents, 1-(2-phenylethyl) and benzyl, are present at the imidazolium cation (Fig. 1 ). This kind of ionic liquids has not been investigated to date in oligomerization and polymerization reactions. So far, these ionic liquids were applied in separating CO 2 and N 2 [39, 40] . However, they reveal greater thermal stability than analogues with alkyl side chain [40] . It should be noted that the ionic liquids with an aralkyl substituent could potentially be suitable for the heterogenization of an organometallic catalyst on a solid carrier in the supported ionic liquids phase (SILP) method, which appears to be an another promising method for the catalyst immobilization [41, 42] .
Experimental

Materials
Ethylene (Linde AG Gaz) and pure nitrogen (Polgaz) were used after having been passed through a column of sodium metal supported on Al 2 O 3 . Pure-grade hexane (POCH, Gliwice) was refined with sulphuric acid and sodium hydroxide, distilled to gain a fraction (62-67°C) and distilled again with sodium/benzophenone, and stored with sodium metal. 1,2,4-Trichlorobenzene (TCB, 99 wt %) (Aldrich) was purified by distillation. o-Dichlorobenzene-d 4 , and finally with hexane (4 9 50 cm 3 ). The product was left to stand over the hexane phase overnight to crystallize. The solid form was dried by nitrogen flow in a Schlenk apparatus to reach a constant weight. The product was obtained in the form of an off-white powder with 78 % yield. 1 
Biphasic polymerization of ethylene
All steps were carried out in water-and oxygen-free conditions using an inert nitrogen atmosphere. The studied aralkyl imidazolium chloroaluminates (5 cm 3 ), warmed to obtain their liquid forms (c.a. 40°C), was added to the alkylaluminium compound. The mixture was stirred for 0.5 h and left to stand overnight. Then, it was warmed to the required temperature (42-50°C) and the catalyst was added shortly before it was applied to the polymerization reaction. To investigate the influence of the activator/catalyst molar ratio on the performance of the polymerization reaction, the amount of the alkylaluminium compound (AlEtCl 2 or AlEt 2 Cl) was gradually changed (2.0-6.0 9 10 -3 mol) while the amount of the Cp 2 TiCl 2 catalyst (3.0 9 10 -5 mol of Ti) was kept constant. The polymerization reaction was conducted in a 500-cm 3 glass reactor equipped with a mechanical stirrer and a water jacket to maintain a constant temperature. In the biphasic system applied, the ionic liquid constitutes the bottom phase, in which the catalyst and activator were dissolved. The upper phase (150 cm 3 ) was hexane containing an alkylaluminium compound (2.0 9 10 -4 mol of Al) to act as a scavenger of impurities. Hexane and the previously prepared mixture of the ionic liquid/ alkylaluminium compound containing Cp 2 TiCl 2 were added successively into the reactor under a nitrogen atmosphere. The ethylene was bubbled through the ionic liquid phase at a pressure of 0.5 MPa, while the temperature was maintained at 42-50°C. The polymerization reaction was terminated by the closure of the ethylene feed. The hexane phase was decanted. The polyethylene from both phases was filtered off, washed by 5 % HCl methanolic solution, methanol, and dried to obtain a white powder for the hexane phase. -3 mol of Al) were mixed with hexane under a nitrogen atmosphere for 1 h at 45°C. After the layers had settled, the ionic liquid was discarded and the hexane phase was taken into the ethylene flush at typical polymerization conditions (0.5 MPa, 45°C, 60 min.). The hexane mixed over both aralkyl ionic liquids maintained transparent and no polyethylene was obtained. The absence of Ti in the hexane phase was also confirmed by atomic absorption spectrometry (AAS).
Catalyst recycling in biphasic system
The reaction was generally carried out according to the procedure described above. However, after 1 h of the first cycle, the polymerization was terminated by the closure of the ethylene feeding and the pressure was decreased to the standard conditions. In inert nitrogen conditions, free of oxygen and water, the hexane phase was removed by decantation while the ionic liquid phase containing the catalyst remained in the reactor. The second reaction cycle was performed introducing a new portion hexane (150 cm 3 ) containing a small amount of the alkylaluminium compound (2.0 9 10 -4 mol of Al) to reactor in order to act as a scavenger of impurities. The same procedure was repeated in the third cycle. Each cycle of the polymerization reaction was carried out in the same conditions (temperature: 45°C, pressure of ethylene: 0.5 MPa, time reaction: 1 h).
Monophasic (homogeneous) polymerization of ethylene
The polymerization was carried out in 500-cm 3 glass reactor equipped with a mechanical stirrer and a water jacket to maintain a constant temperature in waterand oxygen-free conditions using an inert nitrogen atmosphere. The hexane phase (150 cm 3 ) containing an alkylaluminium compound (2.0 9 10 -4 mol of Al) as a scavenger of impurities was placed in the reactor and warmed to 45°C. The proper amount of the alkylaluminium compound (AlEtCl 2 or AlEt 2 Cl) (2.0-4.0 9 10 -3 mol of Al) and the Cp 2 TiCl 2 titanocene catalyst (3.0 9 10 -5 mol of Ti) as toluene solution (2 cm 3 ) were added. The polymerization reaction was started by ethylene feeding. The process was carried out at pressure 0.5 MPa, temperature 45°C, during 1 h. The polymerization reaction was terminated by the closure of the ethylene feed. The hexane phase was decanted. The polyethylene was filtered off, washed by 5 % HCl methanolic solution, methanol and dried to obtain a white powder.
Instruments
The FT-IR analysis was accomplished using a Nicole Nexus 2002 FT-IR spectrometer from 4,000 to 400 cm -1 with a 2 cm -1 resolution. The FT-IR analysis of the ionic liquids was investigated in Nujol KBr/KBr. The polymer samples were prepared in the form of tablets made of polymer powder and KBr. The numbers of methyl (-CH 3 ) groups were estimated from the ratio of the absorption band with the maximum at 1379.3 cm -1 to the absorption of the band at 1368.7 cm -1 for the methylene (-CH 2 -) groups. The NMR spectra were recorded on a Bruker Ultrashield spectrometer (400 MHz). The number of branches and the kinds of the terminal groups of the polymer chain of the selected polyethylene samples were confirmed by
The number of branches was found from the ratio of integrals of signals of the methyl groups (0.86 ppm) to methylene groups (1.30 ppm).
The amount of Ti in the hexane phase was measured by an AAS Unicam SOLAR 969.
The molecular weight and molecular weight distribution of each polymer sample were determined by gel permeation chromatography (Waters Alliance GPCV 2000) using TCB as the solvent at 142°C. The data were analysed using polystyrene calibration curves.
The crystallinity and the melting temperature of the polyethylene were estimated with a DSC 2010 TA Instruments. The polymer crystallinity was calculated using the equation: C = (DH f /DH t,c ) 9 100 % where DH f is heat of fusion of the polyethylene sample, DH t,c is the heat of fusion of standard which equals 290 J/g and C is crystallinity, (%).
The bulk densities were measured according to ASTM Standard D 1895. Viscosities of the ionic liquids were performed using a Brookfield model Alpha L (FungiLab) equipped with a small sample adapter (APM) with a thermostatic jacket. The ionic liquid samples were analysed in a temperature range 42-55°C, in inert atmosphere (glove-box, nitrogen flow), using TL5-type spindle at 50 rpm.
Density for the ionic liquids was measured using the pycnometer method with distilled water as the reference immersion liquid.
Scanning electron microscope (SEM) experiment of the polyethylene samples was carried out on a Hitachi model TM 3000 electron microscope. The samples were fixed on an aluminium sample stub and coated with gold by conventional sputtering techniques. The employed accelerating voltage was 5-15 kV for SEM.
Results and discussion
Polymerization reaction
The ethylene polymerization was carried out in the biphasic ionic liquid/hexane process, where 4 ] chloroaluminates was applied as the medium of the Cp 2 TiCl 2 catalyst activated by AlEtCl 2 or AlEt 2 Cl alkylaluminium compounds. At the beginning of the polymerization reaction, regardless of the ionic liquid, activator or activator/catalyst molar ratio used, the polyethylene product first appears in the ionic liquid phase, which whitens and swells considerably. After about 5 min of the reaction, the hexane phase becomes a white suspension as the polyethylene is progressively shifted from the ionic liquid phase.
The concept of biphasic catalysis assumes that both catalyst and activator remain in the ionic liquid phase. The catalyst leaking should result in presence of the active sites in the hexane phase. Such phenomenon was not observed, which was confirmed by the experiment (see ''Experimental'' section) and AAS methods. It proves that the polymerization reaction takes place in the ionic liquid phase, which contains firmly immobilized catalyst.
Effects of the kind of ionic liquid, the alkylaluminium compound and the reaction temperature Figures 2 and 3 present the influence of the ionic liquid, temperature and alkylaluminium compound on the catalyst activity. The studied ionic liquids with the aralkyl substituent at the imidazolium cation are solid at room temperature. The reaction cannot be carried out below 40°C. On the other hand, regardless of the ionic liquid studied, temperature higher than 50°C causes deactivation of the titanocene catalyst and a decrease of the catalyst activity [43, 44] . Thus, the range of temperatures, in which the studied ionic liquid can be applied, equals 42-50°C. In the case of analogues with alkyl side chain, the optimal temperature was about 30°C, and at 40°C, a considerable decrease of the catalyst activity was observed. It should be noticed that the studied aralkyl ionic liquids enable to perform the polymerization at higher temperatures.
The 4 ], although these two ionic liquids differ by merely the single methylene group at the side chain. These results confirm how relatively small changes of the substituent of the ionic liquid cation can influence the performance of the polymerization reaction.
As can be seen in both Figs. 2 and 3, for many polymerization reactions, the product remains in the ionic liquid phase. It is known that the usual high viscosity of the ionic liquids has considerable influence on the mass transfer, and thus limits their application as a medium of catalysts [12] . On the other hand, density of the ionic liquids influences dispersion of the ionic liquid phase in the hexane phase. Figure 4 and Table 1 show, respectively, the viscosities and densities of the studied chloroaluminate ionic liquids, which have not been reported to date. For both studied ionic liquids, a decrease of viscosity and density with increase of temperature is observed. The amount of product transferred to the hexane phase depends also on the type and the amount of alkylaluminium compound used. In general, when AlEtCl 2 is applied, the majority of the polyethylene product remains in the ionic liquid phase (Fig. 2) . In contrast, application of AlEt 2 Cl significantly improves the polymerization performed in [Ph-C 2 mim][AlCl 4 ] (Fig. 3) , for which the majority of the ] at the optimal temperature 45°C is presented in Fig. 5 . When AlEtCl 2 is applied, an increase in the catalyst activity is observed up to the AlEtCl 2 / Cp 2 TiCl 2 molar ratio value 167, when the highest catalyst activity is obtained (180 kg PE/(mol Ti 9 h)). Unfortunately, the majority of the product remains in the ionic liquid phase. When AlEt 2 Cl is applied, the catalyst activity is generally lower except when the AlEt 2 Cl/Cp 2 TiCl 2 molar ratio value is 133, for which a similar catalyst activity was obtained for both alkylaluminium compounds (105 kg PE/(mol Ti 9 h)). As can be seen, an increase in the amount of the alkylaluminium compound results in an increase of the total catalyst activity, but only to some extent. This has also been reported for both olefin polymerization and oligomerization in the ionic liquid media [45] [46] [47] . It should be noticed that AlEt 2 Cl is better for the biphasic process because the majority of the product is transported to the hexane phase. In the case of analogous biphasic ethylene, polymerization performed using 1-n-alkyl-3-methylimidazolium and 1-n-alkyl-4-methylpyridinium chloroaluminate ionic liquids; application of AlEt 2 Cl improves transfer of the polymer product to the hexane phase. However, in similar conditions, the activity of the catalytic system was considerably lower than and does not exceed 45 kg PE/(mol Ti 9 h) [30, 32] . In order to show the effect of the ionic liquid on the catalyst activity, the monophasic (homogeneous) polymerization was performed at the same reaction conditions. In the case of AlEtCl 2 , the range of the concentration applied (2.0-6.0 9 10 -3 mol) was found to be insufficient to carry out the polymerization reaction for the homogeneous system. When AlEt 2 Cl was applied as the activator of the Cp 2 TiCl 2 catalyst, much smaller PE amounts was obtained than in the case of the biphasic systems. For example, at the activator concentration 4 9 10 -3 mol, 53.9 kg PE/(mol Ti 9 h) was obtained, which equals 50 % of the total polymerization field obtained in the biphasic system with the [Ph-C 2 mim][AlCl 4 ] ionic liquid. As can be seen, the biphasic system enables to apply traditional alkylaluminium compounds at relatively low concentration as the activators of the titanocene catalyst for ethylene polymerization and obtain the satisfactory catalyst activities. Comparison of the results obtained using mono-and biphasic systems shows that the chloroaluminate ionic liquids are not only medium for the catalyst immobilization, but probably they also participate in the active sites creation. This results from the intrinsic characterisitic of the chloroaluminate ionic liquids, which are capable incorporating the alkylaluminium activators [47] . Therefore, the alkylaluminium compound is not only the activator, but also participates in the formation of chloroalkylaluminium anions, which influence the properties of the ionic liquid. Carlin and Wilkes [48] [49, 50] . The reaction conditions depend, therefore, on the kind and amount of the chloroaluminates anions present. The optimal alkylaluminium concentration enables the creation of an environment where the titanium compound can be transformed to the active form but where it does not create inactive complexes.
Effects of the catalyst recycling and reaction time
Both the ionic liquids and organometallic catalysts are relatively expensive compounds. In the case of the studied biphasic systems, the efficient recycling of the ionic liquid phase is crucial for a process to be economically viable. Table 2 presents the results of the 3-cycle ethylene polymerization using the [Ph-C 2 mim][AlCl 4 ] ionic liquid and the AlEt 2 Cl activator, at the Al/Ti molar ratio and reaction temperature optimal for this system. The greatest amount of the polyethylene was obtained in the first cycle of the polymerization. In the consecutive cycles, a decrease of the PE amounts was observed. This can be connected mainly with separation of the ionic liquid and hexane phases, which is difficult to perform properly at laboratory scale. On the other hand, possibility to apply the ionic liquid phase in consecutive reaction step indicates that the activity of the catalytic species in the ionic liquid phase is not affected by the removal of the hexane phase. The total catalyst activity of the product obtained in all cycles reaches 230 kg PE/(mol Ti 9 h). Thus, recycling of the ionic liquid phase seems to be excellent method to increase the catalyst performance. It also proves that the catalyst is fully immobilized in the ionic liquid and does not undergo the leaking to the hexane phase. The possibility to apply the ionic liquid phase in the multiple polymerization cycles indicates a considerable stability of the titanocene catalyst immobilized in the ionic liquid phase. This stability is also confirmed by an increase of the amount of the product in the reaction time (Fig. 6) . Regardless of the cocatalyst applied, the increase in the reaction time results in an increase of the amount of the PE obtained, what is common for heterogeneous metallocene systems on the solid support [51] [52] [53] [54] . It should be also noted that in the case of AlEtCl 2 , an increase of the PE amount from the ionic liquid phase was observed. In contrast, in the case of the AlEt 2 Cl activator, the increase of the PE amount takes place in the hexane phase. Long catalyst life confirmed by the increase of the amount of the polyethylene produced in the increased reaction time as well as the possible catalyst recycling can be crucial criterion for application of these biphasic systems in the large-scale continuous process. Polyethylene properties Tables 3 and 4 present the selected properties of the polyethylene obtained using AlEtCl 2 and AlEt 2 Cl, respectively. According to the concept of biphasic polymerization, the most important product is that which is gathered in the hexane phase. For comparison, the properties of the polyethylene remained in the ionic liquid phase were also determined. The melting temperature of the polyethylene from the hexane phase depends on both the kinds of activator used and on the ionic liquid. The crystallinity degree has the value of 63-87 %. This depends mainly on the kind of ionic liquid used, and it is slightly higher when [Ph-C 2 mim][AlCl 4 ] is used.
The bulk density depends on the kind of activator, and has the values 198-307 and 170-280 g/dm 3 , for AlEt 2 Cl and AlEtCl 2 , respectively. An increase in the time of duration of the reaction results in an increase of the bulk density of the polyethylene. The values of the bulk densities are similar to those of the polymer obtained using metallocene catalyst anchored on solid support [6, 55] . A scanning electron micrograph (Fig. 7) demonstrates that the polyethylene produced in the biphasic mode has a shape of regular grains with diameter of about 440 lm. This kind of morphology is common for the polymer obtained using heterogeneous systems on solid support [54] . It should be noticed that such regular morphology was not obtained using the previously studied ionic liquids, where nonregular flake shape of polyethylene grains were obtained. The possible explanation is the nano-segregated structure of ionic liquids. The high-and low-charge density regions of the ions that compose ionic liquids tend to be segregated into a polar network and non-polar domains. The latter, depending on the relative size of the high-and low-charge regions in each ion, can exist as isolated (dispersed) islands or a second continuous phase. [56] . The non-polar regions of the aralkyl ionic liquids consist of aromatic moieties maintained by ring-stacking interactions, whereas 2 Cl is used instead of AlEtCl 2 . It decreases, however, with the increase of the activator/catalyst molar ratio, regardless of the activator used. An increase in the time of duration of the reaction results in an increase of the molecular weight of the polyethylene. This is common for polymer products obtained using organometallic catalysts [52] .
The molecular weight distribution (M w /M n = 3.3-3.8) is monomodal. It is broader for the system with AlEtCl 2 (4.1-9.3) than for that with AlEt 2 Cl (3.3-5.4). It is also broader than that of the polyethylene produced using homogeneous metallocene systems. However, it is similar to those obtained using the titanocene catalyst anchored on the solid support [6, 44] .
Regardless of the polymerization conditions, the number of branches (5-10 CH 3 groups per 1000 CH 2 groups) indicated the linear character of the obtained polyethylene. Interestingly, the polyethylene obtained using 1-n-alkyl-3-methylimidazolium or 1-n-alkyl-4-methylpyridinium chloroaluminates and AlEt 2 Cl always was characterized by lower melting temperature, crystallinity, molecular weight, bulk density than that obtained using AlEtCl 2 [30, 32] . In contrast, the opposed effect of the kind of alkylaluminium activator on the properties of polyethylene was observed in the case of [Ph-C 2 mim][AlCl 4 ].
The properties of the polyethylene remained in the ionic liquid, regardless of the kind of the ionic liquid and alkylaluminium activator, are similar to those of the polymer gathered form the hexane phase. Only the molecular weights of the polyethylene from the ionic liquid phase are considerably lower. They decrease with the increase of the amount of the activator, as in the case of the PE from hexane phase. To explain this dependence, the kind of the terminal groups in the polymer chain was determined using 1 H NMR and FT-IR methods. Figure 8 presents the 1 H NMR spectra of the PE samples obtained in the biphasic process. Apart of the strong signal about 1.30 ppm ascribed to methylene groups (-CH 2 -), the much weaker signals are seen, resulting from the presence of vinyl groups (4.87-4.97 and 5.75-5.77 ppm), allylic methylene groups (2.01-2.06 ppm) and methyl groups (0.85 ppm). The signal at 3.53 ppm results from the presence of hydroxyl groups (-OH) in the polymer chain. This indicates that the alkylaluminium compound also participates in the termination reaction of the polymer chain [57, 58] . Furthermore, intensity of this signal increases with the increase of the alkylaluminium activator concentration, which proves occurrence of this termination mechanism.
The participation of the alkylaluminium compound in the termination reaction of the polymer chain explains the observed decrease of the PE molecular weight with the increase of the AlEtCl 2 and AlEt 2 Cl concentrations. It should be noted that chain termination via chain transfer to aluminium is usually of minor importance in olefin 4 ] ionic liquid and AlEt 2 Cl activator enabled to obtain satisfactory polyethylene amounts, which was gathered mainly in the hexane phase. In this ionic liquid melt, increase in the reaction time results in considerable increase of the amount of polyethylene and improves the PE transfer from the ionic liquid to the hexane phase. It confirms the stability of the titanocene catalyst immobilized in the studied ionic liquid media. The catalyst stability was also proved by the reuse of the ionic liquid phase containing the catalyst in the consecutive polymerization reactions. The catalyst is also stable in higher temperatures than in the case of analogous 1-n-alkylimidazolium ionic liquids.
It should be noted that application of the biphasic systems with the [Ph-C 2 mim][AlCl 4 ] ionic liquid, in the range of the alkylaluminium activators concentration used, enabled to obtain higher catalyst activities as compared to those of the homogeneous analogues. This indicates that the chloroaluminate ionic liquids possibly participate in the creation of the active sites.
The kind of the aralkyl ionic liquid as well as the reaction parameters influence the properties of the polyethylene produced. The [Ph-C 2 mim][AlCl 4 ] ionic liquid, as a medium of the Cp 2 TiCl 2 catalyst and AlEt 2 Cl activator, enables to obtain polyethylene characterized by the properties such as the bulk density and polymer particles morphology, typical for the polymer produced using metallocene catalyst supported on a solid carrier. The regular shape of the polymer particles should be mentioned, which results probably from the ring-stacking interactions in non-polar regions of the aralkyl ionic liquid. The observed decrease of the PE molecular weight with the increase of the activator concentration results from the fact that the alkylaluminium activator participates in the termination reaction of the polymer chain. This is rather uncommon for the polymerization using metallocene catalysts.
The presented result indicates that the immobilization of the metallocene catalyst in the ionic liquid media can be a novel alternative to the catalyst heterogenization on a solid carrier.
